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se 
Although physiological systems are generally extremely complex, similarities 
ween the various systems allow the formalisation of a generalised approach. 
down" method of analysis is proposed, leading to the delineation of specific sub- 
A "top- 
systems and the interactions between them. A standard system of symbols is proposed 
specific system will be used to demonstrate tb ensure efficient communication, and a 
the method. 
INTRODUCTION 
Modelling has two basic aims. Firstly, the model- 
ling process itself will enhance the understanding 
of the organisation and functioning of the system. 
Secondly, the resulting model, can be adapted for 
the purposes of simulation, which can be used ..a . ,.. _ . . 
eirner 10 preaicc system oenaviour or tor aiagnosis, 
teaching and patient management, if the model de- 
scribes a system of importance to the medical 
clinic. 
Essentially there are two ways to construct models 
of systems. The first is the "bottom -up" 
approach which starts with a large amount of detail 
and attempts to structure it into a Mdel. The 
second is the "top-down" approach which begins 
with an overall systems concept and progressively 
moves down the levels of organisation to ultieately 
incorporate all the details. The former approach 
has been largely unsuccessful (De Greene, 1980) 
as there are inherent difficulties in .integrating 
component research and in aggregating task-elements 
to predict system performance. The modeller is 
swamped with detailed information about the 
system but has no yardstick to sort out the essen- 
tial from the peripheral features. 
The top-down approach confronts the modeller with 
the formidible problem of initially having neither 
structure nor data. However, the modeller has a 
set of conservation laws at his disposal and thus 
an accepted framework into which data can be in- 
corporated. The initial (or zero) approximation 
of the model presents a rough outline of the system 
only and can later be refined into a first approxi- 
mation covering more detail, and so on until the 
model is a satisfactory reflection of the system. 
Following this approach, it is understood, that 
any refinement of the model e.g. progressing 
toward a further approximation, must leave the 
previous approximate model intact. In short: the 
first approximation incorporates fully the zero 
approximation. 
An important factor to remember when analysing a 
physiological system is that one is dealing with 
time-dependent functions rather than stationary 
structures and that functional systems are invari- 
ably not confined to single anatomical structures. 
For example, the subsystems of the 'system of oxy- 
gen supply' to the points of combusion within the 
mitochondria include: the airways, lungs, heart, 
blood vessel's red blood cells, plasma, capillary 
wall, interstitial fluid, cell membrane and 
cytoplasm. 
It must be emphasised that these subsystems are 
governed by different time constants. For 
example: the average life span of an erythrocyte 
is 130 days, while the circulation time for the 
blood plasma is of the order of minutes. Thus, 
iK:.pedin!! the plasma flow which is a first order 
effect and will have imnediate consequences. 
While defects in the development of red blood cells 
are of second order and will manifest themselves 
only over the course of several months. 
I. General Systems Analysis 
A system within an organism is influenced by other 
systems within that same organism and also by 
factors external to it. After identification, 
the relative importance of the various interactions 
must be determined and, if necessary, controlled 
during the experiments. 
A. The major system groups 
Miller proposed a general approach to the analysis 
of living systems in which the presence of seven 
hierarchial levels are postulated: (1) supra- 
national, (2) national, (3) organisation, (4)group 
(5) organism, (6) organ, (7) cell. 
Although his approach is interesting, major modi- 
fications are called for before it can be adopted 
for the analysis of physiological systems. For 
this purpose three hierachial levels suffice. The 
main hierarchial level is that of the or anism 
-&i-Z11 with the cell as the next level below 1 
levels aboveit combined to form the single level 
of environment. In this hierarchy, environment 
is considered to be so large that c remains E- -- 
Tfected even E extreme varizns afevel 
of the organism. 
--- 
---- 
8. Subsystems 
A living system can be subdivided into endodynamic 
and exodynamic subsystems. 
i. Endodynamic Subsystems 
These are subsystems with an internal 
which maintain normal condi%ons for t e ce m s 
of the organism in order to ensure their optimum 
functioning. The substances as well as energy 
that must be handled by endodynamic sub-systems 
are grouped as follows: 
Nutrients: carbohydrates, fats and protein 
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Minerals: calcium, magnesium and phosphate 
Electrolytes: sodium, potassium (and water) 
Acid-base: hydrogen ions, chloride and : 
bicarbonate. 
Energy: oxygen, carbon dioxide and heat 
Waste products: bilirubin, urea and uric acid 
Miscellaneous: e.g. vitamins and cholesterol 
ii. Exodynamic Subsystems 
These are subsystems with an external purpose 
which ensure the existenceof the organism within 
its environment. Exodynamic subsystems are: 
orientation, defence and reproduction. 
Orientation subs stems allow the organism to 
function as &ficient unit; to move, to 
sense and to think. 
Defence subsystems protect the body against out- 
sideinfluences, such as foreign organisms,injury, 
heat loss, dehydration,radiation, etc. 
Reproduction subsystems ensure the nropaqation of 
the organism. 
C. Interaction between subsystems 
It must be remembered that the separate groupings 
of the subsystems are parts of the total system 
and that it is important to identify the inter- 
actions between the groups. As there are a large 
number of interactions we shall concentrate on the 
most important ones in order to ensure that no sig- 
nificant interactions will be overlooked. In our 
discussion we shall use the terms 'process' and 
'interaction' interchangeably. 
Let us consider a diagrammatic representation of 
possible subsystems within the organism situated 
between the levels of the cell and the environment. 
I ENVIRONMENT I 
CELL I 
Fio. 1. The relationshio between environment, 
exodvnamic (Ex) and m- 
svstems. 
Figure 1 shows that there are several exodynamic 
and endodynamic subsystems arranged in a complex, 
series/parallel configuration . These can inter- 
act with the levels and with each other, generally 
in both directions, with the exceptions indicated 
with a one-way arrow. 
According to the above scheme, we can distinguish 
between processes of various orders: 
1. First order processes 
(a) Interactions between levels and subsystems 
(generally in both directions) 
(b) Interactions between subsystems (always in 
both directions) 
ii. Second order processes are interactions via 
an intermediate subsystem: 
(a) Interaction between levels via internal 
subsystems 
(bl level to subsytem via another subsystem 
iii. Third or higher order processes include two 
or more intermediate subsystems between 
levels, e.g. a third order process is environ- 
ment <---> exo c---b end0 <---> cell (in 
both directions) 
It must be remembered that although it is the sum 
of all interactions that will determine the be- 
haviour of the system, the direct interactions, 
e.g. first order processes will predominate. 
D. Let us look at some examples of first order 
processes 
i 
ii 
iii 
iv 
Environment on endodvnamic subsvstems: 
A great variety of substances are trans- 
ferred from the environment. This in- 
cludes for example, nutrients, vitamins 
and minerals taken up by the alimentary 
canal and entering endodynamic subsystems. 
Environment on exodynamic subsystems: 
Orientation subsystem. 
The organism receives information about its 
environment by observing and sensing occur- 
rences happening at the environmental level. 
External influences like heat stress can 
furthermore impair this capability. 
Defence subsystem. 
The organism is continuously invaded by 
substances and organisms reaching it out 
of the environment. This subsystem can, 
in addition, be impaired by environmental 
influences. 
Reproductive subsystem. 
This subsystem is responsible for the 
creation of offspring thus ensuring con- 
tinuation of the species. 
Cell on endodynamic subsystems: e.g. 
Energy subsystem. 
Cardiac infarct reduces the efficiency of 
the heart cell and this influences the 
energy subsystem. 
Cell on exodynamic subsystems: 
Poliomyelitis can cause cellular damage in 
the orientation subsystem to the extent of 
paralysing the limbs. 
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V Subsystem on subsystems: 
Direct interaction between the endocrine 
subsystem and the autonomic nervous sub- 
system via the hypothalamus. .- 
II. Principles of endodynamics 
Endodynamics encompasses all subsystems and pro- 
cesses in the body which are involved in the con- 
servation of the optimal function of cells. Al- 
though these subsystems are in general primarily 
concerned with the processing of matter and energy, 
they also process information. The information 
processing subsystems themselves can perform their 
function through processing matter, as is the 
case with the endocrine subsystem. There are 
similarities in the way the various forms of 
matter, energy and information are handled. In 
fact, the similarities are so great that they 
suaaest the oossibilitv of a aeneralised aooroach 
to-the analysis. It ?s proposed that all'endo- 
dynamic subsystems should be analysed in a 
standard way: by providing a standard framework 
for processes which are found in several of the 
subsystems and by highlighting differences between 
them. Once a standard framework exists, methods, 
facts or mechanisms which apply in one endo- 
dynamic subsystem will give researchers clues as 
to similar detail in other subsystems. 
The framework which is suggested here encompasses 
four groups of subsystems, viz, Input-Ouput, 
Distribution, Processing and Coordinating. 
These groups are based on the framework for the 
calcium model developed by Jaros(1979). 
A. Matter and energy handling systems. 
i. Input-Output subsystems. 
In general, matter and energy needed by the cells 
is obtained from the environment via the organism. 
The environment is generally also the destination 
of the waste products of the cells. .There are 
subsystems which are situated across the dividing 
line between the different levels and which are 
involved in the exchange (input-output) between 
the organism and environment. The most impor- 
tant subsystems in this group are the following: 
Alimentary canal is the subsystem in which nut- 
rients, vitamins,electrolytes, minerals and water 
are taken up and-some waste products are excreted 
by the organism. 
The kidneys are responsible for the removal of 
most- soluble excess substances. 
The skin is a site for heat energy exchange and 
for theoss of some substances such as water and 
certain minerals. 
The lun s take part in the uptake of oxygen and 
-45 elimina ion of carbon dioxide. A certain amount 
of water and of heat energy is removed via this 
source. 
ii. Distribution subsvstems. 
The function of these subsystems is to transport 
substances between the various parts of the or- 
ganism and into the cells. There are several ways 
the transport can take place: some substances are 
transported by cells (e.g. oxy en), some attached 
to carrier proteins (e.g. fats B and some are 
carried in solution (e.g. glucose). In many cases 
more than one method of transport is utilised. 
The cardiovascular subsystem within the 
organism conducts the blood inside its 
vessels which, in turn acts as a dis- 
tributing medium. 
The lym hatic subsystem conducts the lymph 
backhreat blood vessels. 
The extracellular subsystem transports sub- 
stances by means of various gradients. 
. . 
111. Processinq subsystems. 
Substances taken up by the terminal subsystems 
cannot always be utilised immediately after or 
in the same form as thev have been taken uo bv 
the organism. In some-cases, they may be'stored 
(e.g.qlucose in the form of glycogen), in other 
cases-they may be changed into another compound 
(e.g. proteins and glucose). Yet in other cases 
they have to be produced from other components 
entirely within the organism. Examples of the 
specialised processing subsystems are as follows: 
The liver is the most important processing sub- 
system. - It serves as storage organ for different 
substances, such as glucose,-iron; fats, amino 
acids and as the site for chemicaltransformaticns 
such as synthesis of complex compounds. 
The bone is a storage place for calcium, phosphate 
and magnesium. 
The bone marrow serves as a tissue for the pro- 
duction of redblood cells. 
The adipose tissue stores and converts fats, etc. 
B. Information handling subsystems: Co-ordi- 
nation subsystems. 
Endodynamic processes are extremely complex and 
depend on contributions frommany subsystems. For 
example, the effective supply of oxygen to the 
tissues depends on the proper working of the lungs, 
the unhindered movement of oxygen from the al- 
veoli to the blood, the efficient binding of 
oxygen to the haemoglobin in the red blood cells, 
the proper circulation of,blood, the effective 
diffusion from blood to the cells. as well as a 
normal intracellular transport. -This is, in 
fact, a simplified picture, as there are many more 
details to consider in the complete process. The 
main point to remember, however, is that there is 
a complex, interlocking and continuous sequence of 
reactions which together perform the required 
process. A breakdown in any of the components 
causes an overall breakdown of the complete process. 
A stringent control has to be exercised over the 
processes making up the subsystems. There are 
two major ways through which endodynamic processes 
can be controlled, viz, through autoregulation and 
through remote centres such as the endocrine sub- 
system and the autonomic nervous subsystem. 
i. Autore ulation means local control within 
-l-4--? a eve actor ing to fixed parameters. This 
is generally the-simplest but at the same time 
the most immediate and important form of 
control within the endodynamic subsystems. 
Examples are local blood flow regulation, 
pH-buffering of blood, regulation of oxygen 
association and disassociation within the 
red blood cells. 
These local processes are very often neglected 
when endodynamic subsystems are analysed. 
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ii. Remote control usually involves the dis- 
tribution subsystem through which the 
controlled quantity can reach various 
parts of the system. Two subsystems 
of the organism can be activated this way. 
(i) The endocrine subsystem exercises 
control through hormones. 
(ii) The autonomic nervous subsystem 
complements the endocrine subsystem. 
Its activity is generally more de- 
signed for local control within one 
level and more rapid than that of the 
endocrine subsystem. There is a di- 
rect interaction between the endo- 
crine subsystem and the autonomic 
nervous subsystem via the hypo- 
thalamus, which in turn is part of 
the central nervous subsystem. 
The coordination subsystems are in fact information 
processing subsystems which handle information 
coded molecular structures or trains of nerve 
pulses. 
III. Nomenclature and Symbols. 
The way matter, energy and information is distri- 
buted and moved around the organism is represented 
in Figure 2. The circular band in the diagram 
represents the distribution subsystems. The 
blocks outside the band are the input-output 
subsystems (AA, BB, CC, DD, EE, and FF) and 
those inside it are the processing systems (TT, 
UU. VV). 
Fig. 2. Material handling subsystems. 
In the generalised system the following notation 
is used 
Taa' 
Faa= 
'aa= 
'aa= 
rate of flow of material, energy, or 
information from the distribution subsystem 
2 the subsystem AA. 
rate of flow of material, energy or 
information From the subsystem AA to the 
distributionsubsystem. 
rate at which the material, energy or 
information leave the endodynamic sub- 
system via subsystem AA (Out of organism). - 
rate at which the material, energy or infor- 
mation enters the endodynamic subsystem via 
subsystem AA (Into the organism). 
The above symbols are part of the general nomen- 
clature of symbols, which consist of a single 
letter symbol with a two-part subscript. Above 
only the first part of the subscript consisting of 
2 letters is shown, indicating the subsystem (e.g. 
organ) concerned. 
Part 2 of the subscript indicates the kind of sub- 
stance (or energy) involved. For example, CAL 
stands for calcium, GLU for glucose. 
Consequently, Taacal = the rate at which calcium 
enters system AA from the 
distribution subsystem. 
Xds indicates the rate at which a form of matter, 
energy or information is introduced into the 
distribution subsystem. 
At this stage one can already write a general con- 
servation of matter or energy equation for a steady 
state of substance (SUB) in the distribution sub- 
system, viz, 
F 
nnsub + 'dssub -Tnnsub = Cl 
If the quantity of the substance is changing at a 
rate Rdssub this will be equal to I 
The optimal way to describe complex systems is to 
develop a generalised scheme of symbols. In the 
scheme proposed by us the symbol consists of one 
letter describing a component having a five letter 
subscript. Xyyzzz 
The main component indicates the type of the 
parameter or variable. 
X 
e.g. A for activity 
C for concentration 
F for from 
The first two letters of the subscript depict the 
subsystem (e.g. organ or tissue) which is relevant 
for the parameter or variable. 
YY 
e.g. ac for adrenal coretex 
cl for corpus luteum 
du for duodenum 
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The last three letters 
the substance which is 
endodynamic subsystem. 
of the subscript indicate 
handled by the particular 
e.g. adr for adrenalin 
fru for fructose 
hyd for hydrogen 
Although the above scheme is only a proposal, 
its acceptance would be advantageous from the 
point of view of itandardisatign. Acornnon 
system of symbols would eliminate confusion and 
misunderstanding, 
5th Icm 
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